The aim of this in vitro study was to compare the debris and smear layer removal following root canal preparation using two different rotary systems with scanning electron microscope (SEM). The rotary systems used were Protaper and K3. Forty single rooted permanent mandibular premolars were chosen for the study. They were assigned two groups on the basis of instrumentation used.
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medicaments and irrigants, successful root canal treat ment depends mainly on removal of microorganism by proper chemomechanical instrumentation of the canals, thus, enabling removal of both organic tissues by dis solution and inorganic tissues by shaping. Hence, for a successful outcome of root canal treatment. 1 Cleaning and shaping can be accomplished both with manual and automated root canal instrumentation. Since, most hand root canal preparations are time consuming and technically demanding, much attention has been directed toward automated root canal preparation tech niques and especially nickeltitanium rotary instru ments. 2 The introduction of NiTi rotary instruments during last decade has provided better, faster and easier cleaning ability of the root canals. These instruments are made of alloy which has unique mechanical properties, innovative design for crown down preparation. 3 Rotary NiTi root canal instruments have now become an integral part of the endodontic armamentarium. The use of NiTi alloy in endodontics has allowed the crea tion of the new instruments. Entirely handpiece driven systems have appeared, based on the use of rotating and variably tapered instruments. Rotary endodontic instru ments fabricated from NiTi alloys have shown to be helpful adjuncts for root canal preparation. 4 The endodontic instrument must ensure removal of pulp debris from the root canals to render it free from bacteria. The cutting segment of these instruments can be induced to stresses due to insufficient removal of debris. The manner of use and the method of preparation also determine the complete removal of debris along with a proper irrigation protocol. Therefore, these advanced instruments have some characteristics like noncutting tips, varied tapers, radial lands and a variety of cross sections which aids in smear layer removal which is formed during the canal preparation and manipulation of the surface elements of the dentinal walls of the canal. The removal of debris and smear layer from the root canal system prior to obturation is the primary aim of the endodontic treatment. The smear layer is a surface film, approximately 1 to 2 mm in thickness and combination of organic and inorganic particles on the canal walls after canal preparation and appears as an amorphous irre gular layer under scanning electron microscope (SEM) whether a smear layer needs to be removed or retained before canal obturation remains a controversy. Presence wjd of smear layer contributes to and it is also a source of irritants for microorganisms. 5 Whereas, removal of smear layer from the root canal and dentinal tubules provides a thorough disinfection and better adaptation between root canal sealers and the root canal walls. 6 The ability of rotary instruments to remove dentin and pulpal debris during shaping is connected to flute and crosssectional design. Protaper universal and K3 are recently introduced NiTi files possessing different configuration as well as design. Both have positive rake angle and noncutting tip design. 7 Protaper is a new generation of NiTi instruments devel oped by Dentsply. The crosssectional design of Pro taper is similar to that of a reamer possessing three cutting edges with a convex core without any radial lands. On the other hand, K3 (SybronEndo) is a new generation NiTi rotary file, developed to fulfil and shaping require ments, has triple and asymmetric radial lands of unequal width and depth that aid in penetrating the file from screwing into the canal. They are designed to cut dentin into the canal. They are designed to cut dentin quickly, effectively and safely with unparalleled removal. 8 Effectiveness of different instruments is based on the variety of ways of evaluating canal debridement. The ability of an endodontic treatment to remove debris from the canals can be assessed with a use of SEM which has proven to be a valuable method for comparing the instruments and techniques. 9, 10 Thereby, comparative evaluation of the debris and smear layer removal following root canal preparation using Protaper universal and K3 rotary system with SEM is carried out. The extracted teeth were cleaned and stored in dis tilled water. The crowns of the teeth were sectioned at the level of cementoenamel junction. The working length was obtained by placing a 10 size K-file 1 mm short of the apical foramen. Teeth were then divided into two groups of 20 teeth each. The canals were thoroughly irrigated with 5 ml of 2.5% NaOCl solution during instru mentation. After instrumentation, 5 ml of normal saline was used with a plastic syringe as a final rinse.
Instrumentation
Both types of instruments, i.e. Protaper and K3, were set in permanent rotation with a 4:1 reduction gear anthogyr handpiece at 300 rpm.
Group A
Protaper instrument was used in crown down manner. After complete instrumentation and irrigation, canals were dried with paper points.
Group B
K3 instrument (Gpack) was used in crown down manner.
After canals were shaped and cleaned under fre quent and abundant irrigation, a groove was given longitudi nally on the roots to split it without penetration of the root canals. The teeth were then carefully split with a hammer and chisel.
SEm Analysis
Scanning electron microscope provides great depth of field and resolution, thereby providing magnified image of the specimen showing details not visible with light microscope. Therefore, the specimens were air dried at 37°C over 24 hours, attached to the coded stubs, sputter coated with 10% goldpalladium and viewed in SEM. The photomicrographs of the coronal, middle and apical third of the root canals were seen at 1000× magnification and then each field was graded and calculated from 1 to 5 according to following scoring systems for each region of the root for instruments separately.
Scoring System
The criteria for smear layer scoring were as follows: • Score 2: Slight debris.
• Score 3: Debris covering less than 50% of the sample surface.
• Score 4: More than 50% of the sample surface covered.
• Score 5: Complete or nearly complete sample surface covered with debris.
STATISTICAl AnAlySIS
The scores were then statistically analyzed with non parametric test, i.e. Mann-Whitney test, at a significance level of p < 0.05.
The teeth were sectioned longitudinally and the samples were prepared for SEM study. The photomicro graphs were subjected to magni fication of 200× and 1000×. The photomicrographs obtained were evaluated using standard scoring system and the score were subjected to statistical analysis.
The instrumented canal walls from both the groups appeared smooth and exhibited varying amounts of remai ning debris and smear layer along the entire length of the root canal. The mean scores of debris and smear layer recorded at coronal, middle and apical thirds are shown in Tables 1 and 2 respectively. However, com pletely cleaned root canals were not observed in any group:
• Null hypothesis: There is no significant difference between the median scores of K3 and Protaper, i.e. h 1 = h 2 .
• Alternate hypothesis: There is a significant difference between the median scores of K3 and Protaper, i.e.
• Level of significance: a = 0.05.
• Statistical technique used: MannWhitney test.
• Decision criterion: The decision criterion is to reject the null hypothesis if the pvalue is less than 0.05. Otherwise, we accept the null hypothesis.
Debris
Higher scores of debris are observed in K3 compared to Protaper at coronal site and the difference in median scores is found to be statistically significant (p < 0.05). K3 has a higher mean and median score of debris compared to Protaper at middle site also. The median difference in debris scores between them is found to be statistically significant (p < 0.05). The mean debris score at apical site is found to be higher in K3 compared to Protaper. The median debris scores between them is equal, but the diffe rence in median debris scores between them is found to be statistically significant (p > 0.05) (Figs 1 and 2 ).
Smear Layer
Higher scores of smear layer are observed in K3 compared to Protaper at coronal site and the difference is found to be statistically significant (p < 0.001). Also, in the middle third, K3 has a higher mean and median score of smear layer compared to Protaper. The difference in smear layer scores between them is found to be statistically significant (p < 0.001). The mean and median smear layer score at apical site is found to be higher in K3 compared to Protaper and the difference in median smear layer scores between them is found to be statistically significant (p < 0.01) (Figs 3 and 4) . A successful root canal treatment requires elimination of bacteria from the root canal system, enlargement of the canal and an impermeable seal to avoid infection or reinfection of the periapical tissues. Thorough debride ment of the root canal is considered to be the most impor tant step in endodontic therapy. The main objective of root canal preparation is the removal of the vital/necrotic pulp tissue, remaining necrotic debris and infected dentin, so that the bulk of microorganisms present in the canal will be eliminated. 1 In this study, the efficiency of K3 and Protaper rotary instruments was assessed using two criteria, i.e. debris and smear layer. Debris is dentinal chips with residual pulp which may be infected in most cases and the pulp tissue which is attached to the canal walls may be vital or necrotic. This debris prevents complete removal of micro organism and also interferes with complete obturation as it occupies a part of the root canal space. 1 American Association of Endodontists stated that the thickness of the smear layer is about 1 to 2 mm. It is mainly inorganic in nature and produced during canal instrumentation. The role of smear layer in success of an endodontic treatment is remained controversial till date. Due to its deleterious effect the removal of smear layer is still considered desirable. For example, the smear layer contains dentin particles, residual vital or necrotic pulp tissue, protein agglomerates, and blood cells and might harbor microorganisms. Thus, the smear layer might block the openings of the dentinal tubules and in this way impede penetration or diffusion of irrigants or antibacterial medicaments into the dentinal tubules. The complete sealing ability of the canal space may be compromised by the smear layer. The inorganic and organic debris can be effectively removed with use of an antibacterial irrigant along with chelating agents. In this study, 2.5% concentration of sodium hypochlorite was used as an irrigant. Sodium hypochlorite has both antibacterial and organic tissue dissolving potential, but it is not capable of removing smear layer completely. The main objective of this study was to compare cleaning ability of two instrumentation techniques under similar conditions. Hence, a simple irrigation protocol was used to avoid associations of various irrigating solutions.
The instruments used in the present study were Protaper and K3 rotary instruments. Protaper system was introduced in 2000 by Dentsply Maillefer, Switzerland. It consists of three shaping and three finishing files with a multiple and progressively changing tapers ranging from 2 to 8%. The crosssection is convex triangular with no radial lands and positive rake angle. 15 On the contrary, K3 file system was designed by Dr John McSpadden (SybronEndo) and has an asymmetrical crosssection with three radial lands and positive rake angle.
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Scanning electron microscope has been used to evaluate the cleanliness of canal walls after endo dontic instru mentation as high resolution and magnification images are obtained with SEM techniques. The quantative measurements of coronal, middle and apical sites were taken randomly. Studies have been based on examina tion of canal walls at magnifications varying from 50× to 5000×. In this study, 200× magnification was employed for scoring debris as it offered a wider view and allowed the detection of large fragments of dentinal debris at low magnification. Whereas, 1500× magni fication was used for scoring the smear layer as high magnification covered too small a surface and gave accurate information, also it allows the identification of the smear layer and the evalu ation of the aperture of the tubule openings. 11 The study has used a more quantitative approach by attributing a score to each view of a micrograph. This study examined the cleaning efficacy of K3 and Protaper instruments on the basis of a numerical evaluation method of smear layer and debris with SEM evaluation at coronal, middle and apical portions of the root canals. 5 Twobytwo comparison of the instruments in the present study demonstrated that with none of the systems used in the study could an acceptable cleanliness of the root canal walls was obtained.
During the past few years, NiTi rotary instruments with advanced blade designs have been developed to improve the efficacy during root canal preparation. As observed in this study, in terms of debris, the coronal third of the canals prepared using K3 and Protaper showed less debris with a score of two and with no sig nificant difference between the two groups. Whereas, at the middle third of the root canal difference in the score was seen. K3 showed a higher score of three as compared to Protaper. In the apical third, no difference in the debris score was seen and both the instruments showed higher score of three.
Various morphologic designs affect the cleaning property of rotary instruments. It has been reported that the instrumental design can play an important role in the canal cleanliness. Debris removal can be affected by the flute design of the instrument. 13 Variable helix angles and pitch are other features that can improve the removal of the debris formed by the instrumentation. Since, Protaper has a variable helical angle, it results in efficient debris removal compared to K3 which has consistent helical angle which allows debris to accumulate in the coronal part of the file, blocking the escape way of the debris. 5 For smear layer, Protaper showed cleaner canal walls at all the three levels as compared to the canals prepared with K3. The coronal and middle portions of the root canal prepared using Protaper were cleaner when compared to K3 and resulted in few open dentinal tubules. Whereas, in the apical third of the canal the scores were high for both groups, with K3 showing higher scores than that of Protaper. A homogenous covering of the smear layer was observed in the entire root canal in apical third with no open dentinal walls.
The smear layer removal depends on the file design. Presence of radial lands and rake angle affects the smear layer removal. Radial lands of the instruments perform a planning action rather than a cutting action on the root canal walls, thereby decreasing the cleaning abi lity. In the study, K3 rotary files consists of three radial lands, whereas Protaper has no radial land. Therefore, K3 pre sented with inferior cleaning ability, showing incomplete removal of the smear layer. Also, presence of positive rake angle improves the smear layer removal efficacy. Both the systems used in the study have positive rake angles and thereby good cutting efficacy. Also, the triangular crosssectional design of Protaper system makes it supe rior to K3.
The results on the cleaning ability underline the limi ted efficacy of endodontic instruments for cleaning the root canal at apical third. Additional irrigation played crucial role to provide sufficient disinfection of the endodontic system. 14 In this study, Protaper rotary instruments resulted in significantly less debris and smear layer compared to K3 rotary system. Significant differences were found between the coronal and the apical third regarding debris and the smear layer. It can be concluded that Protaper instru ment's design is found to be effective in reducing the amount of debris and smear layer. Therefore, the rotary instrumenta tion using Protaper yields cleaner canals as compared to K3 rotary instruments.
ConCluSIon
Within the limitations of this study can be concluded that, disparate instrumental design of rotary nickel titanium files influenced the cleanliness of the root canal, Protaper rotary instrument used resulted in better smear layer removal as compared to K3 rotary instrument and, therefore, resulting in more open dentinal tubules in the coronal and middle third as compared to apical third. No statistically significant difference was found between both the systems regarding debris removal. Debris was effectively removed in coronal third but middle and apical third did not show any significant difference and were covered with debris.
